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This Paper formulates Evolutionary Game Theory, with new ldea, statistical mechanics. When
each players game with the nearest-neighbor and random matching, it is used the analogy wlth the
simplest model, Ising model, SK model. It is thought that the emergenoe of equilibrium caused
the phase-transition. As a result, the $th\infty retIcal$ calculation gives agreement with the traditional
evolutionary game $th\infty ry$ at the size of a parameter. In inflnite agents game, it showed that it does
not have equilibrium.
$Mor\infty ver$ , using the Master equation, it made the model of the dynamics. It is derlved that the
dynamics equation of the ordered parameter, a kind of Replicator equation. It showed to do the




, (Stochastic Evolutionq Game) 2 .
, .
, Di\’eerich and Opper [1], Tokita and
Yasutomi [4] . $=$ $(\epsilon pinglm)$
.
, , .
Ising , SK(Sherrington-Kirkpatrick) [3]
, .
. 2 , . 3 ,
, Annealed Quenched ,
. 4 , Master , . 5 , .
2. (Ising )
, .
, , 2 1 1 , 2 ,
.
, 2 , 1 ,
, .
1 $N$ $V=\{1,2, \cdots N\}\equiv\{i\}:,\cdots,N$ , $i$ (site)
. 2 $B=\{(ij)\}$ ,
(iD( ) ( (nearest neighbor) ) .
(fitness) .
, , $(one\cdot shot)$ .
, .
1 $2[n\tau$ 11 2 .
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EXAMPLE 2.1 1, 2 . 2
2 . 1 $S_{i}=\{1,2\},S_{j}=\{1,2\}$ . 1
$fi_{1}=a,$ $f_{22}=b,$ $f_{ij}(i\neq j)=0$ . 2 Ising
. $+1,$ $-1$ . ( ,
) , $a,$ $b>0$ .
1 2
ASSUMPTION 2.2 .
PROPOSITION $2.S^{2)}$ . ASSUMPTION 22 $x$ $\{S_{1}\},i=1,$ $\cdots N$ ,
$f$ $\{S_{i}\}$ .
(2.1) $P(\{S_{1}\})=Z^{-1}\exp(\gamma f)$ .
{Si} $i$ , $\gamma$ 3) $f$ $\{S_{i}\}$ , $Z$
. $\sum_{1=1}^{N}P(\{S_{1}\})=1$ . $Z=h\exp(\gamma f)$ , (Tr
) .




(2.2) $m= \langle s_{1}\rangle=\frac{1}{N}\sum_{:-1}^{N}s_{:}\equiv(\sum_{:}S_{i}P(\{S_{1}\}))$ .
$\langle\rangle$ .
EXAMPLE 2.5 EXAMPLE 21 . $\{Si\}=1,2,N=2$ ,
,
1 1 , $m= \frac{1}{2}$ , 2 1 , $m=1$ ,
1 2 , $m=g4$
. $m$ $\Sigma^{1}\leq m\leq 1$ , $m=_{\mathfrak{T}}^{1}$ , 1 .
$m=1$ , 2 . , 44 .
Ising , $S_{i}=\{-1,1\}$ , $m=1$ ,0( ), $-1$ . $\gamma$ ,
$S_{i}=\{-1,1\}$ . $\gamma$ , ,
. , , . $m$
, $m$ ,
.
DEFINITION 2.6 (Weibull [5]) $x\in\Delta$ (Evolutionary Stable Strategy: ESS)
, $y\neq x$ , $\overline{\epsilon}_{y}\in(0,1)$ , $\epsilon\in(0,\overline{\epsilon}_{y})$
.
(2.3) $u[x,\epsilon y+(1-\epsilon)x]>u[y,\epsilon y+(1-\epsilon)x]$ .
PROPOSITION $2.7^{5)}$ DEFINITION 26 .
2) . , . .
$s)_{\gamma}$ \nwarrow , . $\gamma$
, . $\gamma$ , .
, (extexxality) .
4) Replicator $\dot{x}=x((Ax):-x\cdot Ax),$ $i=1,$ $\cdots n$ , A: ,
. $i$ , ,
( ), .
PROPOSITION2.3 , . 4 .
5) , WeibuU [5] .
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(2.4) $u(y,x)\leq u(x,x)$ , $\forall y$ ,




(2.4) $u(y, x)\leq u(x, x)$ , $\forall y$ , (Equilibrium Condition)
(2.6) $|m-m$ $|<\epsilon$ . (Stability Condition)
$m^{*}$
$\gamma$ $m$ .
PROPOSITION 2.7 , Nash , ( ) ,
, PROPOSITION 28 ,




, 2 , 2 .
3. (Sherrington-Kirkpatrick )
Ising , 2 ,
, 2 , .
, 2 , , 1 1 .
, .




, where $P(J_{1j})= \frac{1}{\sqrt{2\pi J}}\propto p\{-\frac{(J_{1j}-J_{0})^{2}}{2J^{2}}I$ .
$i,j\in B$ , $J_{1j}$ $P(J_{1j})$ , , $J^{2}$
$Gau8S$ . $S_{k}=\{-1,1\}^{7)},$ $k=i,j$ .
Annealed X
ASSUMPTION 23 .
, (PROPOSITION 2.4). Annealed
. Quenched .
, , .
(3.2) $F=\gamma\log\langle Z\rangle$ ,
(3.3) $\langle Z\rangle=\sum_{\{S_{i}\}}\int_{-\infty}^{\infty}\prod_{(*j)}dJ_{1j}P\{J_{1j}\}\exp(\gamma H\{J_{1j}\})=\sum_{\{S_{l}\}}$ exp $[ \sum_{(tj)}\{\gamma J_{0}S_{1}S_{j}+\frac{(\gamma J)^{2}}{2}(S_{1}S_{j})^{2}\}]$
$m$ , ,
.
(3.4) $\frac{\partial F}{\partial m}=2\gamma^{2}J_{0}N^{2}m+2\gamma^{\theta}J^{2}N^{4}m^{3}=0$ , $m=0or\pm\sqrt{\frac{-J_{0}}{\gamma J^{l}N^{I}}}$ .
$m\neq 0$ $m$ , .









(3.5) $F=\gamma$ \langle log $Z\rangle$ .
, $m$ ,
$h$ , .
(3.6) $m= \frac{1}{\sqrt{2\pi}}\int_{-\infty}^{\infty}\exp(-\frac{1}{2}z^{2})\tanh(\gamma\tilde{J}\sqrt{q}z+\gamma\tilde{J}_{0}n)dz$ .
. Quenched
$\#_{\backslash }$ $\text{ _{}r3}^{\Delta}Ft_{T}^{\wedge}$ , tanh ,
.
4. :
. $Ma8ter$ $[2]^{9)}$ . $(1, 2, \cdots,N)$
$(S_{1}, S_{2}, \cdots S_{N})$ $t$ $P(S_{1}, S_{2}, \cdots S_{N};t)$ .
, Master .
(4.1) $\frac{d}{dt}P(S_{1}, \cdots, S_{N};t)=-\sum_{:}W_{1}(S_{1})P(S_{1}, \cdots S_{N};t)+\sum_{:}W_{1}(-s_{:})P(S_{1}, \cdots, -S_{1}, \cdots , S_{N};t)$ ,
$W_{j}(S_{j})$ , $S_{i}$ $S_{*}$. , $S_{i}$ .
W,(S . ,
$($ local detail balance $condition)^{10)}$ .




$J_{ij}\ovalbox{\tt\small REJECT}$ . $(m)$
(4.1) (4.3) .
$ff^{1^{\frac{}{\llcorner}}}t(4.4)arrow\infty$
$k \backslash ,’\tau\frac{d}{\#}\langle m\rangle_{t}=\langle\tanh\gamma E_{2}\rangle_{t}-m_{t}$,
(4.5) $m=\langle\tanh\gamma E_{2}\rangle$ .
$(\langle\tanh\gamma E_{*}\rangle_{t})$ $m$ , $m$ ,
, $m$ . Replicator
11).
. (Frobenius ) , Perron-Robenius , .
. ,
. , kdom .
. $J_{ij}=J_{jt}$ Affine
, Random Hermite . Wigner
(semi-circle law) , Perron-Frobenius .
Annealed $m$ . hj(
8) – , $\check{\vee}$ , ,
A $B$ , , $C$ $D$ .
. - 2 .
9) Isioe $Thoul\approx Anderson\cdot Palmer(TAP)$ [3]
, .
$10)_{\frac{W_{l}(S_{\iota})}{W(-S_{1})}}= \frac{\exp(-\gamma ES_{i})}{\alpha P(\gamma E_{I}S_{l})}$ where $B= \sum_{k}J_{1j}S_{f}$ .
11) Replicator , . 4 \v{e} .
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) . ,




3 $F$ , .
(4.7) $h_{j}=2\gamma m(1-N)(J_{0}+J^{2}m^{2})$ ,
$m$ . Annealed ,
.
Quenched . (4.7)





$NxN$ $J_{1j}$ . $\{(i|\lambda\rangle\}$ ,
$J_{\lambda}$







$ffl\rho(J_{\lambda})=\frac{2}{\text{ }\pi J^{2}\ }(Jz_{\Lambda}-J_{\lambda}^{2})_{\gamma_{\vee}\sim}^{1/2}$
$2J_{\lambda}$ .
, ( ), Quenched








Master , . Replicator ,
. ( ) , Quenched
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